'Chills' (frisson manifested as goose bumps or shivers) have been used in an increasing number of studies as indicators of emotions in response to music (e.g., Craig, 2005; Guhn, Hamm, & Zentner, 2007; McCrae, 2007; Panksepp, 1995; Sloboda, 1991) . In this study we present evidence that chills can be induced through aural, visual, tactile, and gustatory stimulation. Additionally, chills were elicited by mere mental self-stimulation -even without any external stimulus. Subjective ratings and physiological responses (i.e., skin conductance response, heart rate, breathing rate) of 36 participants reporting chills were recorded in response to stimuli of the named sensory domains. Chills in response to all external stimuli showed similar physiological correlates. However, they differed in the subjective affective perception: more chills occurred in response to negative valent and arousing sounds and pictures, while more chills were reported for positive valent music independent of arousal. These findings suggest that the chill phenomenon could be a valuable indicator of strong emotions. However, the measurement of chills should be combined with other methods of emotion measurement, since chills can be a response to psychological events of different affective value.
In the past decade, an increasing number of studies presented 'chills' as an interesting parameter for emotion research (see e.g., Blood & Zatorre, 2001; Craig, 2005; Guhn et al., 2007) . The concept of using chills as an indicator of strong and pleasant emotions was introduced by Goldstein (1980) . The relation of chills to endogenous opiates shown in Goldstein's study indicated the hedonic impact of these bodily reactions. When participants were treated with the endorphin antagonist naloxone, they perceived fewer chills in response to music. Like Goldstein, all the following studies used music to elicit chills.
The examination of chills using PET revealed the activation of the reward system during chills in response to music (Blood & Zatorre, 2001 ). Structures such as the nucleus accumbens, the ventral tegmental area, thalamus, insula, and anterior cingulate were found to be more active during a chill reaction, while activity in the amygdala and ventral medial prefrontal cortex was reduced. This pattern of activity has been observed typically during euphoria and/or pleasant emotions (Breiter et al., 1997) .
Several studies have demonstrated that chills have psychological as well as physiological correlates (Craig, 2005; Guhn et al., 2007; Rickard, 2004) . This information made chills even more interesting as a parameter; no other known indicator of emotions combines a strong, positive, subjective feeling, and a measurable physiological arousal response in one reaction. According to the emotion model of Scherer, an emotion consists of a relatively short event comprising a synchronized reaction of physiological arousal, subjective feeling and motor response (Sander, Grandjean, & Scherer, 2005; Scherer, 2005) . The synchronous measurement of these parameters across time in response to music revealed that each single emotion parameter can also occur independently of the others, which makes their interpretation as an emotion difficult (Grewe, Nagel, Kopiez, & Altenmüller, 2007a) . Sloboda (1991) found that chills are correlated with various musical structures, such as unprepared harmonies and sudden dynamic or textural changes. A more recent study (Guhn et al., 2007) presented further arguments for a direct relation of musical structures and chills. If distinct musical structures could be found that were capable of simply triggering these pleasurable peak experiences, chills would be an ideal tool for experiments concerned with positive emotion. Based on findings that suggested acoustical structures as triggers of chills, some authors speculated about the evolutionary meaning of chills (e.g., Panksepp & Bernatzky, 2002) .
However, there are also arguments that the frequency of chills depends very much on the familiarity of the listener with the music that induces the chills (e.g., Panksepp, 1995) and on the (possibly implicit) cognitive evaluation of the music (Grewe, Nagel, Kopiez, & Altenmüller, 2005; Grewe, Nagel, Kopiez, & Altenmüller, 2007b) . Even if some musical and acoustical structures seem to be more likely to elicit chills than others (Guhn et al., 2007; Nagel, Kopiez, Grewe, & Altenmüller, 2008) , no effective chill trigger has been found in music so far. In a former study we tested a great variety of participants of different ages and musical/social background with stimuli of various musical styles, such as classic, pop, rock, dance, soundtracks, and so forth (Grewe et al., 2007b) . Musical events, such as the entrance of a voice, changes in loudness and contrasts between two voices, were found to elicit chills more frequently than other musical structures.
There seem to be commonplace acoustic phenomena that can trigger chills reliably in all people: scratching fingernails on a blackboard or dentists' drills, for example. However, so far no study has been performed to test chill reactions to these triggers. As previously stated, chills in response to music show some interesting similarities to the classical definitions of an emotion: they result from a combination of a physiological arousal and subjective feeling response; they are related to distinct musical structures (external events); and, in contrast to moods, they are of a short duration (Merten, 2003; Sander et al., 2005; Scherer, 2005) . Thus it might be valuable to examine whether chills occur in response to stimuli of other sensual domains (visual, tactile, gustatory) and whether they reflect the same emotional meaning in response to other stimuli as to music. Has a chill in response to a dentist drill the same emotional meaning compared to a chill in response to Rachmaninoff 's 2nd piano concerto? Or do the goose bumps and shivers in both cases have a different affective source and meaning, although they seem to be the same? Some studies have already compared emotions in response to environmental sounds and music (Gomez & Danuser, 2004 ) and found differences in affective ratings as well as physiological responses.
Several theories about the meaning of chills are being discussed currently: Konečni assumed that the underlying psychological mechanism is aesthetic awe (Konečni, 2005) , while Panksepp hypothesized that chill-eliciting sounds are similar to separation calls (Panksepp, 1995) . Finally, David Huron suggested that chills might be related to threatening gestures, such as when a cat bristles its fur, and other fight and flight responses (Huron, 2004) . All authors have good arguments for their theories; however, it is plausible that the chill reaction occurs in different circumstances, having different causes and different affective meanings.
In the study we present here, we compared the capacity of chill induction of visual, acoustical, tactile, and gustatory stimuli. Additionally, we tested whether chills can occur independently of external stimuli, elicited only by the associations and recalls of the participant. The resulting chills from the different sensual domains were compared according to their subjective emotional meaning as well as their physiological correlates. To avoid misunderstandings and inconsistent terminology, we would first like to define our use of terms for this article. Some authors have used the term chill or thrill in a wider sense and include other bodily experiences, such as tears or a funny feeling in the stomach. We define chills as goose bumps and shivers down the spine, and we explained them as such to all participants in our study. The term emotion is used according to the component process model suggested by Scherer (see e.g., Sander et al., 2005; Scherer, 2004 Scherer, , 2005 . According to this model, an emotion contains a subjective feeling component, a physiological arousal component, and a motoric component. With these definitions we hope to avoid definitional and conceptual shortcomings which have recently been criticised in the field of music and emotion (Konečni, 2003) .
Based on personal experience, we expected that goose bumps and shivers would occur in response to all kinds of stimuli. It was furthermore expected that chills might be of different valence, so the individual ratings were expected to differ. However, physiological correlates should be equal, since the sympathetic nervous system should always be activated when goose bumps or shivers really occur. Both the erection of hairs on the skin and the Skin Conductance Response (SCR -mostly based on changes in sweating and blood flow) are mediated by the peripheral nervous system, which does not react specifically for one type of reaction.
To summarize, the aim of this study was to compare chill reactions to different sensual domains in terms of frequency, subjective feeling response, and physiological arousal.
Methods

Pre-experiments
Prior to the main experiment, we performed two pre-experiments to select the stimuli and test the experimental setting. In the first pre-experiment, 11 participants reported their chill responses to a selection of 30 pictures, 45 sounds, and 35 music excerpts. The pictures were selected from the International Affective Picture System (IAPS, Lang, Bradley, & Cuthbert, 2001) according to the ratings reported in the manual. Pictures with extreme emotional ratings on the valence/arousal scale were preferred; however, pictures with extremely offensive content (e.g., dismembered bodies) were avoided. We aimed for inducing strong emotion, not trauma. The sounds were selected from different sources (see Table 2 ); unfortunately, we could not use the International Affective Digital Sound System (IADS), because the sounds of this collection were too short to elicit chills. The music excerpts were selected from previous studies (Grewe et al., 2007a (Grewe et al., , 2007b in which they had shown to be effective in the induction of chills. Based on this pre-study, 23 stimuli from each category were chosen for the main experiment. The chosen stimuli are described in detail in the stimuli section below.
In the second pre-study, the experimental setting was tested. Further exploratory tactile and gustatory stimuli were tested on six participants. These stimuli are also described in more detail below. This second pre-experiment also guaranteed that all questionnaires were understood properly and that the experimental session was not too long (approximately 2hr).
Participants
In the main study 36 volunteers participated: 19 females and 17 males. The mean age was 29 (SD = 8, Range: 19-58 years). The group of participants consisted of 20 students and participants of other professions (e.g., a medical doctor, a software-developer, employees, etc.). About half of the participants (16) played one or more instrument(s). On a scale from 0 (no musical education) to 10 (professional musician), the participants reported a relatively low mean of musical education (mean = 2.7, SD = 2.9, Range: 0-10).
Stimuli
A total of 73 stimuli were presented: 23 pictures, 23 sounds, 23 musical excerpts, two tactile and two gustatory stimulations. The two tactile and gustatory stimulations were each repeated during the experiment, but all other stimuli were presented only once. Each picture from the IAPS collection was presented for 20 seconds, matching the duration of stimulation for all stimuli (see Table 1 ). Additionally, participants were asked to induce a chill without any stimulation by recalling chill-eliciting events or other associations.
The sounds are listed in Table 2 . A selection of human, animal, nature, and technical sounds was created from different sources. We tried to include sounds of all four sectors of the 2-dimensional emotion space (2-DES, high-low valence, high-low arousal). To obtain a duration of 20 seconds for each stimulus, some sounds were repeated in loops or combined from different sources.
The musical stimuli were chosen based on the results of a previous study (Grewe et al., 2007b) . That study had tested seven musical pieces chosen by the authors, and a large number of pieces selected by the participants -each participant brought in five to ten pieces for the experiment. The current study used a subset of the musical pieces that had been found to elicit chills in the previous study. The 20-second sound excerpts were chosen according to the musical structures which were shown to be effective in producing chills, (i.e., the entry of a voice and increasing volume). Most pieces were orchestral music (classical music, soundtracks), but stimuli also included a piece of pop music ('Easy Lover' by Phil Collins). The volume of sounds and music excerpts was normalized with the exception of 'cat purr,' 'leaves,' and 'waves crashing,' which would have been altered to unnatural and unpleasant loudness by normalization. For tactile stimulation a head massage device (Head Wizard™, from www.heavenstherapy. com) and a feather were used (see Figure 1 ). The feather was used to stimulate the neck of the participant with slow movements, while the massage device, moved gently up and down and in circles, was used on the head. Participants were informed and asked whether they agreed to this type of stimulation before the experiment began. Finally, two sour juices were used as gustatory stimuli: grapefruit and lemon. The lemon juice had a pH of 3, the grapefruit juice was less sour (pH 5). Both tactile and gustatory stimuli where intended as a first exploratory approach. These stimuli were chosen because they showed a capacity to induce chills in a few pre-experiments -they were not intended to cover the whole range of possible emotion-inducing tactile and gustatory stimulations. Tactile and gustatory 
Procedure
All experiments were performed in individual sessions. After welcoming the participants, the researcher gave them a questionnaire regarding demographic data and musical preferences. The belts for measuring heart rate and breathing rate, as well as the electrodes for skin conductance measurement, were explained. The heart belt was then placed on the thorax by the participants themselves; the breathing belt was put around the abdomen. Participants sat in a comfortable armchair in front of a computer screen. The electrodes for SCR measurement were placed on the index and middle finger of the nonactive hand, the ground electrode on the palm of the other hand. Participant and researcher were separated during the experiment by a room divider, in order to protect the privacy of participants without leaving them alone in the room. Participants answered the first questionnaire (see Questionnaires section). Then, a oneminute baseline was recorded, while they relaxed. All stimuli were presented for 20 seconds after a 10-second baseline. After each stimulus, an additional 5 seconds were recorded to assess delayed reactions. Thus, each trial took 35 seconds. Pictures, sounds, and musical excerpts were presented in randomized order in three blocks. Items were not blocked by category. Each participant received different orders of items in the three randomized blocks. The exploratory tactile stimuli were presented before each block and after the last block as follows: participants were After that, the experimental setting was explained in a standardized manner. Participants were asked to press the button of a computer mouse whenever they perceived a chill during a stimulus. Chills were explained as goose bumps or shivers down the spine. After stimulation, participants were asked to answer the second questionnaire (see Questionnaires section), which had been explained in detail before the experiment was started. To ensure that all participants had the same information and could recall all explanations during the whole session, they were given a written summary of the instructions which they could read when necessary throughout the session.
As a last control measurement prior to the experiment, participants were asked to press the mouse button at random to control for a possible influence of the motor action on the physiological parameters.
The gustatory stimuli were presented after the main experiment. Participants were asked to drink 50 ml of grapefruit juice in one swallow from an open glass. Thus, both smell and taste could influence chill reactions. After the grapefruit juice, the participants drank a bit of water, and then they were asked to drink 10 ml of lemon juice in one swallow. At the moment the juices reached the lips of the participant, the researcher sent a trigger signal. The gustatory test was the only condition in which the participants could not use the mouse button to indicate chills, since they had to hold the glass with one hand. Thus, chills were reported retrospectively in this condition.
The last test was the 'imagination' condition. Participants tried to evoke a chill by recalling emotional events or other thoughts without any external stimulation. If no chill was reported by the subject after 10 minutes, the trial was stopped. After the imagination task, the experiment ended.
Questionnaires
Participants answered four questionnaires developed by researchers. While the first and fourth questionnaires were printed on paper, the second and third questionnaires were both presented on the computer screen. The first questionnaire consisted of a participation agreement and questions about demographic data. The second questionnaire, from here on called 'PreChill,' asked for musical education and preferences, as well as a self-judged sensitivity for chills and alertness. Answers were given using sliders on scales from 0-10 (accuracy .1) or by choosing from a list of possible answers (multiple answers possible). The first two questionnaires were answered before the experiment started.
The third questionnaire, 'SubChill,' was answered after each stimulus. SubChill asked for familiarity with the stimulus, perceived valence, arousal, and chills. Participants could report pleasantness and intensity of perceived chills. Additionally, they identified where on their bodies a chill occurred and what feature of the stimulus they thought elicited the chill.
The last questionnaire asked whether chills in response to different stimuli were perceived differently, and what categories participants would use to describe them (startle/surprise, personal recollection, feeling of coldness, increased attention, others). Multiple responses were possible.
Data analysis
Skin conductance data. When recording the Skin Conductance Level (SCL, tonic part), we measured the absolute values of individual skin conductance which depend on many factors, such as the moisture level of the skin, temperature, and blood flow. As a standard procedure, the high pass filtered SCL and the SCR (Skin Conductance Response, phase part) were calculated (Boucsein, 2001 ).
Heart rate. Cubic interpolation was used to calculate the heart rate from single recorded heart beats. Because the individual heart rates are often on a different level, heart rate was normalized by subtracting the mean baseline heart rate prior to each stimulus. Due to this normalization, data were more robust for all individual long-term influences.
Breathing rate. The extension of the breath belt was filtered from 1668 Hz to 0.5 Hz. By calcu-
The extension of the breath belt was filtered from 1668 Hz to 0.5 Hz. By calculating the differentiation of the raw data, the maxima of inspiration could be determined. Breathing rate corresponds to the distance of these peaks. If breathing rates less or more than 10-18 breaths per minute (brpm), or extremes lower than 8 brpm or higher than 30 brpm, resulted (Fox, Schmidt, & Henderson, 2000) , data were controlled visually and corrected. The breathing rate was normalized in the same way as the heart rate. Here, the 1-minute baseline before the experiment was used as a reference, since the 10-second baseline did not provide enough data to calculate a breathing rate.
Statistical tests.
Wilcoxon tests were used to test for differences between sensory domains. Linear relations between selected features of the stimuli were tested using Pearson correlations. Lines of best fit were calculated using the robuster function of Matlab 7.1.
Comparing chill excerpts and non-chill excerpts.
In order to compare the subject-reported and physiological data of chills, we collected chill excerpts from all data. The term chill excerpt refers to the data collection of the SCR, SCL, HR and breathing excerpt for the subject-reported chill incident. The idea behind the collection of chill excerpts was that strong individual emotional reactions may differ as to the point in time in which they occur. Previous studies have shown that chills cannot be 'triggered' in a simple stimulus-response manner (Grewe et al., 2007b; Guhn et al., 2007) . Thus, the perception of a chill was used as an indicator for individual peak experiences, independent of the distinct musical event that elicited the reported chill. For each reported chill, the corresponding events in SCR, SCL, HR, and breathing were cut out in 10-second windows, beginning 5 seconds before the chill onset. For each reported chill, a corresponding non-chill excerpt from the physiological data of the same participant was cut out. These non-chill excerpts were randomly collected from periods of the same piece in which no chill was reported. Chills reported in the first 10 seconds of a piece were not collected because the physiological data would have been influenced by the orientation response (Sokolov, 1990) elicited by the beginning of the stimulus.
Since participants reported different numbers of chills, we calculated the averages of the data (Intensity, SCR, HR, breathing) of all chill excerpts for each participant. Thus, in the analysis, each participant was included with his or her average subjective intensity and physiological chill response. Means of reported chill excerpts were compared with non-chill excerpts. Data of HR and SCL were normalized according to their average starting points (baselines) in order to avoid influences of the individual variety in heart rate and skin conductance level. The physiological data of reported chill excerpts were compared with a random permutation test. To test for the significance of differences between the excerpts, a permutation test with 5000 random permutations was performed for each set of data (Good, 1994) . This nonparametric test compared two data sets based on two matrices. For each permutation, elements of the two matrices were randomly distributed on two new matrices. For instance, if a matrix of chills consisted of the datasets A1, A2, A3 and the matrix of the non-chill control consisted of the datasets B1, B2, B3, a possible random permutation would be B4, A7, B8 vs. A3, A9, B11. The test compared the differences between the averages of the chill and non-chill matrix. When less than 5 per cent of the random permutations resulted in a bigger difference, the test became significant. To estimate the strength of effect, the Cohens d value was calculated for the most extreme difference between both curves. A Cohens d of 0.2 was interpreted as a weak effect, a value of 0.5 as a medium effect, and of 0.8 and higher as a strong effect.
Results
Frequency of reported chills
Stimuli from all sensory domains were able to elicit chill reports in at least one participant (see Table 4 ). The most successful domain was the tactile stimulation with a maximum of 31 out of 36 participants reporting a chill. The two sour juices, which were tested as exploratory stimuli, resulted in chill reports from 25% (n = 9) of the participants. Pictures seem to be the least successful stimuli in chill induction. Even the most emotional stimuli from the IAPS generated chill reports from just 10 participants. Sounds and music excerpts were equally successful, both eliciting chill reports from one-third of the participants on average. However, sounds showed a larger deviation in effectiveness among participants.
Subjective ratings of stimuli
Average of subjective ratings of domains. Participants rated their emotional reactions to every stimulus on valence and arousal scales (-5 to 5). The average ratings are presented separately for (a) pictures, sounds, music, and (b) tactile, gustatory, and 'mind' chills (chills elicited in the imagination task), since the exploratory stimuli were not sufficient for statistical analysis. Music was rated highest on the valence scale with a median of 2.3, differing significantly from sounds with a median of -1.7 (Z = -5.23, p < .001) and pictures with a median of 0 (Z = -5.23, p < .001). Sounds and pictures also differed significantly in valence ratings (Z = -4.17, p < .001). On the arousal scale sounds rated highest with a median of 1.1, differing significantly from music (median 0, Z = -3.41, p < .001) and pictures (median 0, Z = -3.92, p < .001). Music and pictures did not differ in arousal.
Tactile stimuli reached the highest average ratings for valence (median 2.8, 4.4 upper quartile, -0.2 lower quartile), while gustatory stimuli were rated -0.7 on valence (1.3 upper quartile, -2.5 lower quartile). Both tactile and gustatory stimuli were perceived with medium arousal (both median 0.4). Tactile and gustatory stimuli had extremely heterogeneous ratings. Arousal ratings of tactile stimulation had an upper quartile of 1.3 and a lower quartile of -1.3, while arousal ratings of gustatory stimuli varied between an upper quartile of 1.8 and a lower quartile of 0. Figure 2 gives an overview of the ratings of all stimuli. Not all quadrants of the 2-DES could be covered with the stimuli. None of the stimuli elicited low valence/low arousal feelings, even if, according to the IAPS ratings, at least some of the pictures were expected to cover this quadrant. Most quadrants were covered by the sound stimuli, which elicited feelings of positive and negative arousal and positive and negative valence. Music was perceived as positive only for both high and low arousal. The exploratory stimuli were perceived as neutral or high on arousal. The two gustatory stimuli elicited negative feelings; the tactile stimulation induced positive valence.
Subjective ratings of individual stimuli.
Subjective perception of chill eliciting stimuli. The frequency of reported chills depending on the subjective perception of stimuli is presented in Figure 3 . Valence of sounds correlated negatively with reported chill frequency (r = -0.74, p < .001) and positively with arousal (r = 0.52, p < .05). Reported chills in response to pictures showed a similar relation to feeling ratings: Figure 2 . Overview of all stimuli relative to the emotion ratings valence correlated negatively with reported chill frequency (r = -0.73, p < .001), arousal showed a positive correlation (r = 0.71, p < .001). Reported chills in response to music, however, showed a different relation. For music, valence was correlated positively to reported chill frequency (r = 0.65, p < .001). For arousal, no relation to the frequency of reported chills was found (r = 0.08, p > .05). For the exploratory stimuli, no correlations could be calculated, since there were not enough stimuli. Chills in response to pictures were mostly described using the category 'startle/surprise,' chills in response to sounds by the category 'personal recollection,' and chills in response to music by the category 'increased attention.'
Physiology of reported chills in response to different domains
In contrast to the subjective feeling responses, physiological correlates of chills in response to different domains are rather homogeneous (see Figure 4) . Reported chills in response to pictures, sounds, music and tactile stimulation all led to an increase in SCR initiating approximately one second after the reported chill. These increases differed significantly from a control (excerpts from the same participants reacting to the same type of stimuli without perceiving a chill; random permutation test with 5000 permutations, p < 0.05). The increase for tactile stimulation was much higher compared to all other domains. Sounds and tactile stimulation showed an additional difference in heart rate between reported chills and controls. For the breathing rate, no significant differences could be stated. A control experiment examined the physiological responses elicited by pressing a button in the absence of any reported of chill: no physiological differences were evident between these button presses and the control excerpts.
'Mind' chills
As a surprising result, 17 participants reported chills without any external stimulus, by only recalling emotional events. These 'mind' chills were reported by participants as varying extremely widely in both valence and arousal, with ratings reaching from -5 to 5 on both scales. When the physiological correlates of these reported chills were compared to random excerpts, only a significant difference in heart rate about three seconds prior to the reported chills was found. Differences in SCR were not significant, even if a clear increase in SCR after the reported chill could be stated.
Discussion
Chills (frisson reported as goose bumps or shivers) in response to different sensory domains were compared regarding their emotional meaning and physiological correlates. The observations reported suggest that chills can be induced by a variety of stimuli via several sensory modes, including music, sounds, pictures, tactile, and gustatory stimulation. Interestingly, chills were reported even without any external stimuli when participants recalled strong emotional events of both negative and positive valence. It seems important to note here that the comparison of absolute numbers of chills elicited by the sensory domains should be interpreted with caution. Music stimuli could be preselected regarding their effectiveness while the other stimuli were exploratory. Interestingly, despite this sounds elicited more chills compared to preselected music. Familiarity with a stimulus was shown to be an important factor (Panksepp, 1995) for chill stimulation. Furthermore, acoustical features as well as referential meaning of single stimuli could not be taken into account in this exploratory study. The stimuli representing the sensory domains were chosen to cover the complete emotion space (positive/ negative valence and arousal). However, only the IAPS provided a previously evaluated stimulus set. Thus, the absolute differences in chill induction between the sensory domains can only be interpreted as tendencies.
Physiological correlates of chills
The skin conductance response during reported chill episodes was similar for all sensory domains, and seemed to not be influenced by breathing or the mere pressing of the button. For tactile stimulation, the SCR was much higher compared to all other sensory domains, which might be an artefact of the different number of stimuli for the exploratory tactile stimulation, and should thus not be over-interpreted. As expected, the reported chill response was associated with an activation of the sympathetic nervous system, indicated by the skin conductance response (Boucsein, 2001) . Only tactile and sound chills showed a correlate in heart rate. Accordingly, sounds were rated higher in arousal compared to music and pictures. Since skin conductance responses have a highly individual delay in the range of seconds, the minimal temporal differences between the reactions in different sensory domains cannot be interpreted. Only 'mind' chills showed no physiological correlate in SCR in contrast to the control excerpts. Since the control SCR during the mind chills task also showed activation, it might be argued that participants were excited during the whole mind task. This is plausible, since they actively recalled emotional events. We could speculate that when there is an external stimulus, the time preceding the stimulus might be less arousing. During the mind condition, participants stimulated themselves constantly. Thus, there is no 'off ' modus before the reported chill.
Chills and subjective feeling
While sounds and pictures elicited more reported chills when they were negative and arousing, frequency of chill reports showed a positive correlation to valence and no clear relation to arousal. This suggests that goose bumps and shivers are neither specific sensory responses nor specific emotional responses, but rather they are nonspecific physiological phenomena. However, chills are actually related to feelings, since they seem to increase in response to stimuli with extreme emotional content . The studies by Goldstein (1980) and Blood and Zatorre (2001) suggested the relation of chills in response to music to pleasurable feelings, which could be confirmed by the results of this study. The selection of music excerpts was based on their effectiveness at producing chills in a previous study which tested many kinds of different musical styles. All music excerpts were perceived as positive; thus we cannot rule out that music excerpts might also induce negative chills. However, the majority of chills in response to music seem to indicate very positive emotions. In contrast, most chills in response to sounds and pictures seem to indicate negative feelings. We conclude from these results that chills are not an emotion themselves, but they can be used as an indicator of a strong positive or negative emotion. The affective quality of the emotion indicated by a chill must be confirmed by the participant. The mere physiological response of piloerection (goose bumps) might be interpreted as nothing other than some kind of over-stimulation of the periphery nervous system. This stimulation can have several reasons, one of which seems to be a strong emotional response. That chills can be elicited without any external stimulus suggests that cognitive activity alone may be sufficient to lead to chills.
What possible advantage might result from using chills as an indicator of strong emotion, when this reaction has to be confirmed and specified by self-report anyway? First of all, chills denote a specific event in time. When, for example, music is used to induce emotions, a selfreport of the emotional perception of the music covers the complete duration of the stimulus. Emotions are defined as relatively short events, in contrast to moods (e.g., Merten, 2003) . There are techniques which allow a continuous rating of feelings over time (Schubert, 2001 (Schubert, , 2004 . However, chills in response to music indicate a climax in feeling intensity and physiological response (Blood & Zatorre, 2001; Nagel et al., 2008) . As has been stated previously, so far the perception of chills is the only known reaction to combine a strong subjective feeling with a physiological peak response. Furthermore, they are easy to explain to and to be reported by participants. As an event, they have a clear beginning and end; participants can easily report the beginning of a chill, while they may have difficulties indicating the exact beginning of a strong feeling.
Perhaps the most important advantage of using chills is their ability to indicate individual peak responses. The induction of strong positive emotions is jeopardized by many difficulties. While negative emotions seem to be triggered more easily and homogeneously, positive emotions are strongly influenced by individual factors, such as tastes, associations, and personal ethical standards. Studies which take these individual factors into consideration are often difficult to compare with other studies (e.g., Gabrielsson & Lindström, 1993 . In our current study we show that chills can be elicited by mere cognitive activity without any external stimulus. We have already suggested that in the case of musical chills, the individual appreciation is the basis for this strong aesthetic response (Grewe et al., 2007b) . Individual cognitive appreciation is unlikely to happen in a stimulus-response like manner. Here chills might offer the opportunity of locating individual peak experiences, independent of the exact physical event which elicited them. If it is true that the listener's appreciation and not an acoustic trigger is the cause of a pleasant chill, then chills might be a highly interesting tool to track these aesthetic responses. That the appreciation of music is often not explicit, but intuitive, makes chills even more interesting: implicit appreciation based on unconscious mechanisms can rarely be measured using analytic self-report.
Clearly, having a strong emotion does not always equate with perceiving a chill. However, chills are one interesting possibility to individualize strong emotional reactions for further analysis when they are conscientiously combined with other methods of emotion psychology, such as retrospective self-report and physiological measurements. In principle they can be used in all sensory domains.
Considering these results, one might raise the question of whether chills should be associated with one specific musical trigger or with an evolutionary cause. Chills might occur in many different circumstances, some of which are related to strong emotions, such as fight and flight reactions, aesthetic awe or social loss. We would like to suggest that chills need to be used in combination with other emotion measurements. Accordingly, they could provide some interesting opportunities which, depending on the experimental setting, might offer new information in the complex and developing field of emotion research.
